Quality Function Deployment (QFD) 
Introduction
In our Era, Organisations have to plan and implement strategies that will not only allow them to survive but will provide them capabilities to be more competitive and become leaders. In order to achieve this, they have to make strategic decisions which are in the majority of cases too complex and difficult and involve risk and many times conflicts. To overcome such difficulties, the organisations can use several methodologies that can support making the proper decisions. Quality Function Deployment (QFD) is such a methodological tool with great popularity that is used for the development of new products or services or the improvement of existing ones. QFD started and evolved in Japan in the late 60s' and according to Ghiya, Bahill and Chapman (1999: 593) nowadays it is used by the majority of the major companies in Japan. QFD entered as a methodology in the USA about 15-20 years after Japan and now is an important products' and services' development tool there and also in Europe.
QFD is used for improving quality, reducing the number of new products that fail to successfully enter the markets and reduce the costs for the development
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A good QFD implementation involve many matrices (usually four phases) similar to the one in Figure 2 in Appendix 1. In Figure 3 in Appendix 1 the relationship of the four QFD matrices is represented according to Ghiya, Bahill and Chapman (1999: 594) , in which we start with the VOC related to the EC (Quality Characteristics) (Phase I). The next matrix gets EC on the place of VOC and replaces them by the Product Characteristics (Phase II). In Phase III Product Characteristics take the place of EC and are replaced by the Manufacturing Processes. The last ones take the place of Product Characteristics in Phase IV and are replaced by the Quality Controls. In each matrix after the first (HOQ), the absolute weight of the previous matrix becomes the DoI. In Figure 4 in Appendix 1 the four phases QFD are shown in a similar way by Korayem and Iravani (2008: 480) , as used in the design and manufacture of industrial robots. The first of the four matrices is the HOQ. This way the QFD is applied to the whole process of idea to the final product / service. "The house helps the team to set targets. … The house relieves no one of the responsibility of making tough decisions. It does provide the means for all participants to debate priorities" (Hauser and Clausing, 1988 : 68).
Application of the QFD model to a new service (Paratransit System)
During an Interreg IIIC program, in 2005-2006, (funded by EU), a project under the title "Connected Cities" aiming to sustainable mobility was implemented. A session was the Development of "Paratransit System" (PS) for rural areas (a Municipality constituted by many villages). We applied QFD on that new service. The project expanded for testing through FP6 program (funded by EU) under the title "InMoSion" and it is currently under implementation. The empirical data are not available at the present and they are expected after completion of the project by its coordinators, approximately by end of 2009.
The idea behind the PS is to develop a Transportation system for the inhabitants of a region that would combine the advantages of the Bus-System and the Taxis-System, for the benefit of the customers. PS can take special care for disabled people. Ziliaskopoulos (2006a Ziliaskopoulos ( & 2006b gives a brief analysis of the PS and the results of a related Work-Shop at the web pages of the above mentioned project. As this is a new system many issues had to be solved, and it would need a new Organisation, Vehicles, Drivers, Offices, a Dispatcher, Electronic Devices, Powerful Computer Systems and Sophisticated Software for the calculations of the optimal routes, good marketing and communication. The new System should also ensure its feasibility, as it would have to compete with the private taxis and the busses-system, with the last one in most cases in Europe being semisubsidised by the state. Petamidis (2006) presented briefly the possibility for the deployment of such a System in Municipality of Philippi (a rural Municipality, constituted by many villages). PS in Municipality of Philippi, could include not only ordinary users but also visitors to the Healing baths, Tourists (between different monuments in Philippi), special groups for alternative tourism in Philippi, transportation to neighbour municipalities, transportation to the KTEL bus-stations, students to schools, students to afternoon activities, transportation within villages for the big ones, Municipal Bureau employees for their activities, transportation form villages to the bazaar, transportation for special events (cultural, etc.). Tsoukalidis (2008) gave a brief description of proposals for the feasibility of such a PS and named funding factors of PS, including the users, KTEL for the users moving to the bus-stations, bazaar merchants and shopowners for their customers that used PS, the private tutorial schools and state funding.
To study the System, beside the Algorithms and Software Design and other related issues a survey using six surveyors took place in Municipality of Philippi, in early 2006, on the 2% of the population (221 fulfilled questionnaires).
Due to lack of available information and resources in this case applying all four phases of QFD is impossible, therefore and as described by Ghiya, Bahill and Chapman (1999: 598) the "Hows" are replaced by "How can we solve it".
According to the survey and other secondary information, the VOC gives us the Customer "Wants", which we put on the left of the HOQ (Collect me from the desired point -a "TAXI" feature, Collect me at the desired time -a "TAXI" feature, Transport me to the desired point -a "TAXI" feature, Transport me straight to the desired point -a "TAXI" feature, Attractive Price -a "BUS" feature, Provide Driving Safety -a general demand, Provide Security for my children (if alone) -a general demand, Inner Vehicle Good Conditions -a general demand a more "TAXI" feature, Automatic Tickets/Payment System -a "BUS" feature, Environmentally Friendly -a general demand.
The above customer "Wants" will be correlated in the relationship matrix with the Engineering Characteristics (EC -"Hows") which we put on the centre top. The ECs for our Paratransit System are: a) Up to 8 passengers / vehicle: This is the vehicle's capacity of the suggested system (capacity). In its more general form the System could also have few vehicles with capacity of 16 passengers, but this is a perspective we do not study here. b) Sophisticated Software -ICT: This is a need for the design and implementation of software that uses special algorithms to solve the systems of equations for the optimal routes that minimise the time between departure and arrival point, reduces to minimum the use of the vehicles to reduce the cost of the system and have more vehicles available at any time of the day. c) Ease to enter the vehicle (low profile): This is a special feature useful for people with mobility difficulties. d) Automatic Payment System: This is a characteristic to link the ticket cost to alternative solutions for funding the system, some of which are shown above. e) Application Cost (Staff -Conservation Excluded): This is the Cost of the Paratransit System, which include the fixed assets costs and also Variable costs, excluding the staff cost and the conservation costs. f) Staff Cost: This is the cost for the staff of the Paratransit System. g) System Conservation Cost: This is the Cost to keep the System functional and safe.
We correlate the "Wants" with the "Hows" using the symbols "Θ", "O" and " " which take the values "9" (strong correlation), "3" (medium correlation) and "1" (weak correlation) respectively. For no correlation we keep the cells blank.
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On the right of the HOQ, as described above, we put the score for every "Want" for the following Fields in the same sequence: ♦ DoI according to the survey and secondary information (to give total 100), ♦ The current solution is scored by 1 (currently no application is in use). ♦ The competitors are the Taxis and the Busses (values between 1 and 5). ♦ Planned score for our solution (values between 1 and 5) ♦ RoI for our case gives the same figure with the planned value ♦ SP takes the values of 1 or 1.2 or 1.5 ♦ The absolute weight is the product of DoI, RoI and SP ♦ The related weight is calculated from the absolute weight to give a total of 100%. Below the relationship matrix of VOC and EC we have the "How much" where we calculate: ♦ The absolute weight (total score) of each EC as the sum of the total correlation scoring of each "Want". The score for each "Want" is the product of its correlation with the specific EC and the DoI. "The total score for each column is an indication of the importance of that characteristic in measuring customer's satisfaction" (Ghiya, Bahill and Chapman, 1999: 596). ♦ The Relative Weight which is calculated from the absolute weight (above) to give a total of 100% (normalisation). ♦ The absolute weight of the competitors for the same EC (one row for each competitor), which are calculated similarly. ♦ The Target weight (score) in the next row remains blank (not used it in our case). ♦ Below we calculate the rank of each EC score to measure its importance. This will allow us to decide, subject to the available budget, on which "Hows" we will deploy by priority. Finally on the top we put the Roof of the HOQ which contains the correlations and tradeoffs between the several EC, using the symbols " " (Strong Positive -18), " " (Medium Positive -9), " " (Medium Negative -3), " " (Strong Negative -1) and blank cells (No correlation -0). Below we give the HOQ as calculated (we used OpenOffice Calc 2.4.1).
From the HOQ we make some serious conclusions: According to the relative weight of the "Wants", as shown also in the graph in Figure 5 in Appendix 1, the most important ones are to have the solution at the desired point (departure and arrival) (0,17) to be collected on time (0,14) and the system to have an attractive price (0,14). According to the Rank of the ECs the most serious characteristic is the Application Cost which includes mainly the fixed assets cost and variable costs.
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Next is the cost for the software and ICT, which is important for making the system work properly and meet its scope. Third characteristic in importance is the Staff cost.
It is important to mention that the Ranking is only an indication of the importance of the characteristics and works as a guideline.
Other important conclusions are the relationships and the tradeoffs of the ECs, which we do not valuate in this study.
Questioning for the implementation of PS
From the information retrieved from the analysis above some serious questions regarding the feasibility of the implementation of a PS in a small Municipality with many villages are raised. ♦ The First is the option of having in the PS some vehicles with bigger capacity. ♦ The second is if we should consider TAXIS to enter the PS as operators also (with special terms complying with the purposes of PS) and reduce the cost of PS. ♦ The third is the possibility to use the PS in greater regions. By doing this the Vehicles of the PS could be used more in peak, as in different periods there are different / intension needs in other areas in neighbor municipalities. In this case we should also benefit by using the Control/monitoring centre and the ICT / software for greater number of customers. Finally we would manage to have reduced staff cost per served inhabitant (without quality deduction for the offered services) ♦ The fourth is the use of alternative funding sources that minimize the cost.
Comment on the utility of the model and highlight of the encountered problems
As in all methodologies QFD has advantages and disadvantages. In literature we find many researchers implementing sophisticated methods to improve QFD so that it becomes more effective in various cases. Below we provide some problems we faced during our work.
The first problem using QFD was the fact that during the survey the potential users of the PS had in mind the competitors and could not get clearly the picture of the new proposal. This was understood to affect somehow their answers and relatively the DoI. This is a general problem in QFD process as surveys always lead to uncertainty during quantification of the collected information. According to Kannan (2008: 329) , this uncertainty problem can be reduced by using Fuzzy Logic, as fuzzy numbers can reproduce the subjectivity of the people. In Figure 6 in Appendix 1 a good example of Fuzzy numbers is given. Kannan (2008: 331) applied Fuzzy QFD (FQFD) to a product and compared it to traditional QFD process to conclude that the last produces ratings that are near the upper limits (inflated), while FQFD expressed in values ranges provide a better picture.
The second problem was our subjectivity on the correlation of VOC and ECs, the Relationship between different ECs, the DoI values (although the survey was seriously considered), the valuation of each of the "Wants" for the Competitors of the proposed system and the values of the Sales Point. The third problem for using QFD was the set values of the relation between "Wants" and "Hows". The use of the 9-3-1 (Weber's law) correlation values emphasises on the Strong Relationship. Ghiya, Bahill and Chapman (1999: 603) did sensitivity analysis testing in a product and found out that QFD is robust enough in small changes of the correlation values. We did sensitivity analysis by deemphasising the Strong Correlation (Θ) from 9 to 7 and then 9 to 6 and then changed the base of the logarithmic scale from 3 to 2 and used the of 4-2-1 instead of 9-3-1 and the Rank of the ECs remained unchanged for the first case while for the second and the third one a small change occurred, as in the case presented by the authors above. The results are shown in Appendix 2.
The fourth problem was that the users' "Wants" were not similar for all. In other words we took their preferences as collective ones, while it is not exactly like that. van de Poel (2007: 32) gives a good example of that paradox, which is the case of a product with three features (colour, size, shape), taking respectively the values of red or green, large or small and flat or bumpy. In this case as shown in Table 1 in Appendix 1 we can not take the collective approach as "the most preferred product is actually disliked by all customers" (van de Poel, 2007: 32).
The fifth problem was the fact that this was an innovative service in a rural area, thus we had no evidence for its acceptance and if it could be workable at all. The sixth problem was that the solution was a new service that was not in use and there were no existing users; only potential ones. This loads the innovation with high risk, especially when knowing that its initial and functional cost is high. As the designers and decision makers will involve various tradeoffs (like the "lowprofile" of the vehicles or their capacity) it is vital such trade offs not to lead to failure. According to Raharjo, Brombacher and Xie (2008: 254) , QFD is highly subjective because it is applied before the design of new products / services or improvement of existing ones, thus many parameters are taking values that are estimated. Thus, if the input values of the parameters are not as close to reality as possible QFD results will be problematic. To eliminate this problem "a method or approach that is capable to systematically analyse and accurately quantify those subjective experience and judgements of the QFD team is highly required" (Raharho, Brombacher and Xie, 2008: 254). At this point the literature suggests that Failure Mode Effects Analysis (FMEA) should be used. "Interlinking the QFD with the FMEA technique was felt to be necessary to highlight any related trade-offs or areas of concern, which might require a review of the design and implementation" (Almannai, Greenough and Kay, 2008: 503) The seventh problem was that although the intention was the satisfaction of the customer, "fulfilling customer expectations to a great extent do not necessarily imply a high level of customer satisfaction." (Chen and Chiu, 2007: 453) as according to Matzler et al (1996) as cited in Chen and Chiu (2007: 453) the perception of quality is related to the type of expectation. To overcome this problem the Kano's model can be used as described by the Chen and Chiu (2007: 453) which uses positive questions about the feeling for certain characteristics and
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The ninth problem was that we did not integrate the financial issues and actually the feasibility of the system. To overcome such a problem, Chen, Chang and Chou (2008) incorporated the methodology of Balanced ScoreCard (BSC), among with the methodology of Theory of Constrains (TOC) into Fuzzy QFD, "to ensure that the service process design simultaneously meets the needs of employees, shareholders and customers" (Chen, Chang and Chou, 2008: 664). In Figure 8 in Appendix 1 we provide the related design framework.
Conclusion -Discussion
Our work did lead to some questioning and the produced results are in accordance with the ones, Ziliaskopoulos (2006a), that did outcome on a related Workshop for PS. It is important to compare the results of the QFD methodology we applied, with the empirical data, after the completion of the testing of the PS and its analysis. QFD is proven to be a popular and successful tool to enhance the quality of a new or redesigned or improved product or service by reducing the initial design cost and consumed design time for the customers' satisfaction. However the complexity of the modern products/services and the Needs and "Wants" of the customers require the use of a more sophisticated version of QFD or the use of QFD in combination with other techniques. 
A pplic ation Cos t (S taffCons ervation E x c luded)
The Rank of the ECs remains unchanged. We get the same ranking as previously.
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